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(57) Abstract: 

PROBLEM TO BE SOLVED: To easily obtain a dense, 
high precision shaped part in a method of producing a 
shaped part with three dimensional form by laminating 
laser beam hardened layers of powder. 

SOLUTION: An inorganic or organic powder material 
is irradiated with laser beam to form a hardened layer, 
and one hardened layer is laid on another to pro- 
duce the desired parts of three dimensional form. This 
method includes steps of: (a) feeding a powder mate- 
rial 31 to the shaping region where a hardened layer is 
formed by laser beam irradiation; (b) applying vibration 
to the powder material 31 fed to the shaping region; (c) 
applying pressure to the powder material 31 fed to the 
shaping region; and (d) forming a hardened layer by ir- 
radiating the powder material 31 with laser beam after 
the steps (b) and (c). 
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(54) [Title of the Invention] Method for Producing 
Shaped Parts with Three-Dimensional Form 

(57) [Abstract] 
[Problem to be Solved] 

To easily obtain dense, high-precision shaped 
parts through a method of producing shaped parts 
in three-dimensional form by laminating 
laser-hardened layers of powder. 
[Solution] 

An organic or inorganic powder is irradiated by an 
optical beam to form a hardened layer, and one 
hardened layer is laid on another to produce the 
desired parts of a three-dimensional form. This 
method includes the steps of: (a) feeding a powder 
material 31 to the shaping region where a 
hardened layer is formed by optical beam 
irradiation; (b) applying vibration to the powder 
material 31 fed to the shaping region; (c) applying 
pressure to the powder material 31 fed to the 
shaping region; and (d) forming a hardened layer 
by irradiating the powder material 31 by an 
optical beam after steps (b) and (c). 



(ai 




<t>> - 





Japanese Unexamined Patent Application Publication 2000-336403 



Claims 
[Claim 1] 

A method of producing shaped parts with three-dimensional form, wherein an organic or inorganic powder material 
is irradiated by an optical beam to form a hardened layer, and one hardened layer is laid on another to produce the 
desired parts with three-dimensional form, said production method of shaped parts with three-dimensional form 
comprising the steps of: 

(a) feeding a powder material to a shaping region where a hardened layer is formed by an optical beam irradiation; 

(b) applying vibration to the powder material fed to the shaping region; 

(c) applying pressure to the powder material fed to the shaping region; and 

(d) forming a hardened layer by irradiating the powder material by an optical beam after steps (b) and (c). 
[Claim 2] 

A method of producing shaped parts with three-dimensional form according to Claim 1, wherein said shaping region 
is a non-oxidizing atmosphere in said step (d). 
[Claim 3] 

A method of producing shaped parts with three-dimensional form according to Claim 2, wherein said shaping region 
is maintained in positive pressure to the exterior spaces. 
[Claim 4] 

A method of producing shaped parts with three-dimensional form according to any of Claims 1 to 3, wherein a 
member composing said shaping region is vibrated to apply vibration to said powder material in said step (b). 
[Claim 5] 

A method of producing shaped parts with three-dimensional form according to any of Claims 1 to 4, wherein a 
vibrating member is located on the open surface in said shaping region, and vibration generated by the vibrating 
member is applied to said powder material in said step (b). 
[Claim 6] 

A method of producing shaped parts with three-dimensional form according to any of Claims 1 to 5, wherein a 
vibration generated by an ultrasonic vibrator is applied to said powder material in said step (b). 
[Claim 7] 

A method of producing shaped parts with three-dimensional form according to any of Claims 1 to 6, wherein a 
vibration generated by an ultrasonic vibrator is applied to said powder material in said step (b). 
[Claim 8] 

A method of producing shaped parts with three-dimensional form according to any of Claims 1 to 7, wherein a 
pressurizing-member is located on the open surface in said shaping region, and the pressurizing-member presses said 
powder material to apply pressure thereon in said step (c). 
[Claim 9] 

A method of producing shaped parts with three-dimensional form according to any of Claims 1 to 8, wherein said 
step (c) comprises the steps of: 
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(c-1) applying pressure to press said powder material while moving, along an open surface, the pressurizing-member 
located on said open surface in said shaping region; and 

(c-2) regulating the height position of said powder material with a height-regulating member located rearward of the 
pressurizing-member moving along with said pressurizing-member. 
[Claim 10] 

A method of producing shaped parts with three-dimensional form according to any of Claims 1 to 9, wherein the 
pressure generated in said powder material is detected with a pressure sensor, and the pressure applied to the powder 
material is regulated based on the detected pressure information in said step (c). 
[Claim 11] 

A method of producing shaped parts with three-dimensional form according to any of Claims 1 to 10, wherein a 
plurality of powder material types with a different particle sizes are fed in said step (a). 
[Claim 12] 

A method of producing shaped parts with three-dimensional form according to Claim 11, wherein one type of the 
plurality of powder materials is a relatively fine powder material with an average particle size of 5 to 10 urn, and 
another type is a relatively coarse powder material with an average particle size of 20 to 40 urn. 
[Claim 13] 

A method of producing shaped parts with three-dimensional form according to any of Claims 11 or 12, wherein said 
step (a) comprises: (a-1) feeding the powder material with a relatively coarse particle size; and (a-2) feeding the 
powder material with a relatively fine particle size after step (a-1). 
[Claim 14] 

A method of producing shaped parts with three-dimensional form according to any of Claims 1 1 to 13, wherein said 
step (a) comprises: (a-3) feeding mixed powder of the powder material with a relatively coarse particle size and the 
powder material with a relatively fine particle size; and (a-4) feeding the powder material with a relatively fine 
particle size after step (a-3). 
[Claim 15] 

A method of producing shaped parts with three-dimensional form according to any of Claims 11 to 14, wherein a 
plurality of powder material types having a different particle size and quality of material are fed in said step (a). 
[Claim 16] 

A method of producing shaped parts with three-dimensional form according to Claim 1 5, wherein one type of the 
plurality of powder materials is a powder material with a relatively coarse particle size comprising any of one or 
more materials selected from the group of copper, bronze, and phosphor copper, and another type is a powder 
material of relatively fine particle size comprising any one or more materials selected from the group of iron and 
nickel. 
[Claim 17] 

A production method of a shaped part with three-dimensional form according to Claim 1 1, wherein one type of the 
plurality of powder materials has a relatively fine particle size and low melting point, and another type has a 
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relatively coarse particle size and high melting point. 
[Claim 18] 

A production method of a shaped part with three-dimensional form according to Claim 17, wherein the powder 
material having a relatively fine particle size and low melting point is one or more materials selected from the group 
of copper, bronze, and phosphor copper, and the powder material having a relatively coarse particle size and high 
melting point is one or more materials selected from the group of iron and nickel. 
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[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The invention relates to a method of producing shaped parts with three-dimensional form and, in particular, to a 
method of producing shaped parts with three-dimensional form that is produced by the continuous laminar hardening 
of an organic or inorganic powder continuously using an optical beam. 
[0002] 
[Prior Art] 

It is known that the method to produce shaped parts with three-dimensional form in which an inorganic powder like 
metals or an organic powder like resins is accumulated, an optical beam such as laser beam and directional energy 
beam is irradiated thereon to harden, and such operation is repeated to laminate hardened materials. Because the part 
in which the optical beam is irradiated is hardened and integrated while the part where the optical beam is not 
irradiated remains as powder, when a hardened material is retrieved form an eventually accumulated powder material 
and a unhardened powder is removed, a desired shaped part with three-dimensional form is obtained. 
[0003] 

Specific technology such as production process and a manufacturing apparatus is disclosed in the patent publication 
No. 2620353. Said method has an advantage in which a part having complex and precise shape which can not be 
produced with conventional casting or machining can be efficiently produced. In addition, a part having any shape 
can be produced quickly by only controlling the scanning of an optical beam based on electronic information such as 
CAD designed data of a part. Like a conventional powder sintering technology, trouble and the facilities for 
preforming of powder are not necessary. Manufacturing of a trial product before mass production, manufacturing of 
a precision part with small-lot production, and manufacturing of a mold are considered as an application to exploit 
such an advantage. 
[0004] 

It is disclosed in Japanese Patent Laid-Open No. 10-88201 bulletin in which a dense formed product is produced so 
that an accumulated powder material layer is pressurized to compress and then laser beam is irradiated to form an 
intermediate formed product, and the intermediate formed product is sintered. It is assumed that a dense structure can 
be obtained by pressurizing the powder material layer to eliminate spaces existing between powders. 
[0005] 

[Problems to be solved by the Invention] 

However, it is difficult to obtain a formed product with a dense structure by eliminating spaces in the powder 
material layer even by employing said method that pressurizes the powder material layer. In the powder material 
layer accumulated in disarray, gap is formed therebetween with the state in which a plurality of powders abut each 
other. If the powder material layer can be moved by pressurizing it in the thickness direction so that the powders 
around the gap are fallen in the spaces, the gap can be eliminated. However, when it is in the state in which the 
powders surrounding the gap abut each other and can not move, or in the state in which they construct so-called 
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bridge or arch, the gap can not be eliminated even the powder material layer is adequately pressurized. 
[0006] 

If there are a lot of spaces in the powder material, the denseness of the formed product decreases, and thus 
performance such as mechanical strength decreases. If the powder material melts and falls in the spaces as sintering a 
formed product, the external form of the formed product is deformed, and thus forming accuracy is impaired. In 
addition, for applying adequate large pressure which can forcibly eliminate said spaces, the pressurization equipment 
results in large-scaled and thus production cost increases. Besides, the powder material in which excessive pressure 
is applied is damaged and deformed, and thus it has adverse effect on the quality of the formed product. 
[0007] 

The problems to be solved by the invention is to solve the problems in the prior art and to easily obtain dense, 
high-precision shaped parts in said method of producing a shaped part with three-dimensional form by laminating 
said laser beam hardened layers of powder. 
[0008] 

[Means for Solving the Problems] 

In a method of producing shaped parts with three-dimensional form related to the present invention, an organic or 
inorganic powder material is irradiated with an optical beam to form a hardened layer, and one hardened layer is laid 
on another to produce the desired parts of three-dimensional form, the method of producing shaped parts with 
three-dimensional form comprising: (a) feeding a powder material to the shaping region where a hardened layer is 
formed by an optical beam irradiation; (b) applying vibration to powder material fed to the shaping region; (c) 
applying pressure to powder material fed to the shaping region; and (d) forming a hardened layer by irradiating 
powder material with an optical beam after the steps (b) and (c). 
[Powder Material] 

Metals, metal alloys, synthetic resins, ceramics, glass, other organic or inorganic powder materials used for ordinal 

production of shaped parts with three-dimensional form can be used. 

[0009] 

Metal materials include nickel, phosphor copper, iron, copper, and bronze. A powder material composing a hardened 
layer may be only one kind of powder materials or may be able to combine a plurality types of powder materials. 
Spherical, polyhedral, pillar, scaly, indeterminate, and other ordinal powder shape are applicable for the shape of the 
powder material. 
[0010] 

The particle size of the powder material is about 5 to 40 urn in average, however it could be different by quality of 
material or a purpose of use of a shaping product. A powder material with a relatively coarse particle size and that of 
relatively fine particle size can be combined. Specifically, a fine powder material having average particle size of 5 to 
10 um and a coarse powder material having average particle size of 20 to 40 um can be combined. 
[Shaping Region] 

A powder material is fed in a shaping region comprising a container-shaped shaping space in which the top face, 
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bottom face, and perimeter are surrounded, and the shaping region is irradiated with an optical beam to shape a 

shaping product that is a hardened layer and a laminated body of hardened layers. 

[0011] 

The shaping region can be composed with a container-shaped shaping frame in which the top surface is opened and a 
shaping base that can be freely raised and lowered within the shaping frame. Although the shaping region may have 
same inner shape as the outer circumference shape of the shaping product, ordinarily, it has an inner shape having a 
little larger than the outer circumference shape of the shaping product 
[Supply of Powder Material] 

An ordinal powder feeding means is applied. Powder material accumulated in a hopper and the like is fed to the 

shaping region from a nozzle or a slit using its own weight or air pressure. 

[0012] 

Powder material can be fed by moving the feeding means such as a nozzle to accumulate powder material laminariy. 
The surface of the powder material layer can be regulated to be flat and constant thickness by moving a plate-shaped 
height regulation member upward of the accumulated powder material layer. 
[Vibrating Step] 

Vibration is applied to the fed powder material layer in the shaping region using a vibrating mechanism or a 

vibrating device in an ordinal equipment and a handling technology of powder. 

[0013] 

A specific example of vibrating mechanism includes an ultrasonic vibrator and an eccentric rotary body. The 
installation location of a vibrating mechanism is only able to apply desired vibration to the powder material layer, 
and a member composing a wall surface of the shaping region or a shaping base to accumulate the powder material 
layer can be used. Vibration may also be applied by abutting members with a vibrating mechanism at the top surface 
of the powder material layer. Both of a pressurization mechanism described below and the vibrating mechanism may 
be used. 
[0014] 

For the vibration condition, strength and time are applied so that the spaces within the powder material layer is 
adequately eliminated. Specifically, it can be appropriately configured by the condition of quality of material of the 
powder material, the thickness and the area of the layer, and the like. 
[Pressurization Step] 

If the powder material layer can be pressurized in the thickness direction, a pressurization mechanism and a 

pressurization equipment in an ordinal equipment can be used. 

[0015] 

Specifically, it may be pressurized from upward to downward pushing a pressurizing plate on the top surface of the 
powder material layer, or may be pressurized by rising a shaping base which supports the powder material layer and 
sandwiching the powder material layer between the pressurizing body of the top surface and the base with fixing the 
pressurizing plate. Both lowering the pressurizing plate and rising the shaping base may be applied. Although the 
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pressurization pressure is different by quality of material, particle size, the thickness of the powder material, and 

required performance, for example, it may be configured within 1 to 100 kPa. 

[0016] 

The pressurization step may by applied after the completion of the vibrating step, or both the pressurization step and 
the vibrating step may be applied simultaneously. If the vibrating mechanism is incorporated to the pressurization 
plate, pressurization and vibrating can be applied continuously or simultaneously. Pressurization and vibrating can be 
repeated alternately a plurality of times. 
[Laser Beam Irradiation Step] 

A hardened layer can be formed by irradiating an optical beam with an equipment and means which are same as an 

ordinal laser shaping technology on the powder material layer that is vibrated and pressurized. 

[0017] 

The thickness of the powder material layer in which an optical beam is irradiated is configured in consideration of 
the form accuracy of a desired shaping product and the hardening ability of the optical beam. The thickness of the 
powder material layer is determined by the feeding amount of the powder material and the extent of vibration and 
pressurization. A powder material layer of prescribed thickness may be formed by repeating a plurality of times of 
the feeding, steps of vibration and pressurization of the powder material. As a specific thickness condition of the 
powder material layer in which an optical beam is irradiated, around 0.05 to 0.2 mm is employed. 
[0018] 

Laser beam such as YAG laser and C0 2 laser is preferable as an optical beam. An optical beam may be directly 
irradiated on the surface of the powder material, or may be irradiated on the powder material layer from the outside a 
transparent plate in the state in which the transparent plate made of glass or the like is located on the surface of the 
powder material layer. If the powder material layer is pressurized with the transparent plate, even pressurization and 
irradiation of an optical beam can be applied simultaneously. 
[0019] 

As for the irradiation condition of an optical beam, all or part of the powder material layer is melted or softened to 
only be a hardened layer in which the powder material layer is integrated, and specific condition of light intensity 
and irradiation time can be configured appropriately. A hardened layer having desired shape can be formed by 
scanning an irradiating position of an optical beam to the powder material layer. 
[0020] 

When the irradiation of an optical beam is applied keeping the state in which the powder material layer is pressurized 
with a pressurizing plate made of a transparent material, re-building and enlarging spaces in the powder material 
layer can be prevented after pressurization and thus the powder material layer keeping compacted can be hardened. 
[Production of Shaping Product] 

A shaping product in which a hardened layer having a plurality of layers is laminated is obtained by repeating said 
feeding, vibrating, and pressurization of the powder material layer, and irradiation of an optical beam. By laminating 
hardened layers with different shape, it becomes a shaping product with desired three-dimensional form. 
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[0021] 

Because there are a shaping product which is a laminated body of hardened layer and unhardened powder material 
remaining around of it in the shaping region, the powder material around the shaping product is removed or only the 
shaping product is retrieved from the powder material. Although the shaping product can be used for various 
application directly, a sintering step and finishing of the external form can further be applied. 
[Another Invention] 

In step (d), the shaping region can be a non-oxidizing atmosphere. 
[0022] 

The shaping region can be maintained in positive pressure to the exterior spaces. In step (b), a member composing 
the shaping region can be vibrated, it can locate a vibrating member on the open surface of the shaping region to 
apply vibration generated by a vibrating member to powder material, vibration generated by an ultrasonic vibrator 
can be applied, and vibration generated by an eccentric rotary body can be applied to powder material. 
[0023] 

In step (c), a pressurizing-member is located on the open surface in the shaping region, whereby the 
pressurizing-member can press powder material to apply pressure thereon. Step (c) can include steps: (c-1) applying 
pressure with moving pressurizing-member; and (c-2) regulating the height position of powder material with a 
height-regulating member. In step (c), the pressure can be regulated based on detective information of a pressure 
sensor. 
[0024] 

In step (a), powder material of a plurality types of different particle size can be fed. One type of the plurality of 
powder materials can be a relatively fine powder material of average particle size of 5 to 10 um, and another type is a 
relatively coarse powder material of average particle size of 20 to 40 um. In step (a), it can include steps: (a-1) 
feeding the powder material with a relatively coarse particle size; and (a-2) feeding the powder material of relatively 
fine particle size after step (a-1). 
[0025] 

In step (a), it can include steps: (a-3) feeding mixed powder of the powder material with a relatively coarse particle 
size and the powder material of relatively fine particle size; and (a-4) feeding the powder material of relatively fine 
particle size after step (a-3). In step (a), a plurality of powder material types having different particle size and quality 
of material can be fed, and particularly, one type of the plurality of powder materials can be a powder material with a 
relatively coarse particle size comprising any one or more materials selected from the group of copper, bronze, and 
phosphor copper, and another type can be a powder material of relatively fine particle size comprising any one or 
more materials selected from the group of iron and nickel. 
[0026] 

One type of the plurality of powder materials can have a relatively fine particle size and low melting point such as 
copper, bronze, and phosphor copper, and another type can have a relatively coarse particle size and high melting 
point such as iron and nickel. 
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[0027] 

[Mode for Carrying Out the Invention] 
[Basic Production Steps] 

Figs. 1 to 6 show basic production steps. As shown in Fig. 1, a container-shaped shaping frame 10 in which the top 
surface is opened comprises a shaping base 12 that can be freely raised and lowered within the shaping frame. A 
support plate 14 for mounting thereon and handling a shaping product is located on the shaping base 12. A vibrating 
part 20 comprising an ultrasonic vibrator is embedded in the sidewall of the shaping frame 10 and the support plate 
14. 

[0028] 

A plurality of hardened layers 32 that are already produced are stacked on the support plate 14 in the shaping frame 
10. There is an unhardened powder material 34 around the hardened layer 32. The vertical position of the shaping 
base 12 is adjusted so that the surfaces of the hardened layer 32 and the unhardened powder material 34 are located a 
little lower than the upper end of the shaping frame 10. The distance between the shaping frame 10 and the hardened 
layer 32 determines the thickness of the hardened layer 32 produced next. 
[0029] 

As shown in Fig. 2, a new powder material 30 is fed on the already formed hardened layer 32 and the unhardened 
powder material 34. A width plate-shaped regulation member 16 crossing the shaping frame 10 is moved in a 
horizontal direction at a position that is a little higher than the shaping frame 10 to regulate the height position of the 
powder material 30, and it is a powder material layer 36 having a totally consistent thickness. The top surface of the 
powder material layer 36 is located a little higher than the upper end of the shaping frame 10. 
[0030] 

As shown in Fig. 3, when the vibrating part 20 is operated, vibration is applied to the powder material layer 36 in the 
shaping frame 10 and minute spaces existing in the powder material layer 36 decrease. Therefore, the thickness of 
the powder material layer 36 also becomes a little thinner. As shown in Fig. 4, after stopping the operation of the 
vibrating part 20, a pressurizing plate 40 is positioned over the top surface of the powder material layer 36 and the 
pressurizing plate 40 is lowered to pressurize the powder material layer 36 from the top to the bottom. The minute 
spaces existing in the powder material layer 36 are further decreased by pressurization, whereby it becomes a state in 
which the powder material is densely arranged. Although the thickness of the powder material layer 36 further 
becomes thinner, the top surface of the powder material layer 36 is still located a little higher than the upper end of 
the shaping frame 10. 
[0031] 

In the above step, pressurization with the pressurizing plate 40 may be applied simultaneously by vibrating with the 
vibrating part 20 without stopping the operation of the vibrating part 20. In addition, if the vibrating part 20 is 
embedded in the pressurizing plate 40, vibration may be applied with the pressurization plate 40, which directly 
contacts the powder material layer 36, and thus efficient vibrating and pressurization is possible. As shown in Fig. 5, 
when the regulation member 16 is horizontally moved along the upper end of the shaping frame 10, the top surface 
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of the powder material layer 36 becomes the same height as the shaping frame 10, and thus the dense powder 
material layer 36 having a desired thickness can be obtained. Extra powder material removed with the regulation 
member 16 can be collected for reuse. 
[0032] 

As shown in Fig. 6, when the surface of the powder material layer 36 is irradiated with a beam-shaped laser beam 50, 
all or part of the powder material at that part melts, and the powder materials are integrally fused, and thus the 
hardened layer 32 is formed. Because powder material is also integrally fused to the hardened layer 32 that was 
previously formed and exists below the powder material layer 36 when it is melted and hardened, the newly formed 
hardened layer 32 will be integrated with the hardened layer 32 laminated downward. 
[0033] 

The hardened layer 32 having a prescribed pattern form is obtained by scanning the laser beam 50 in a horizontal 
direction. A shaped part with three-dimensional form in which a plurality of the hardened layers 32 having 
prescribed pattern form is laminated is obtained by repeating the above steps. Because the unhardened powder 
material 34 remains around the hardened layer 32 or the shaped part, only the shaped part can be retrieved from 
inside the shaping frame 10. It can also be retrieved in a state in which the shaped part is mounted on the support part 
14 by lifting the shaping base 12 above the shaping frame 10. 
[Behavior of Powder Material] 

Fig. 7 shows typical behavior of powder material in said production steps. 
[0034] 

Fig. 7 (a) shows a state in which the powder material layer 36 is fed (corresponding to the step in Fig. 2), and each 
powder 31 is located sporadically. Therefore, there is a relatively large gap in the powder material layer 36. As 
shown in Fig. 7 (b), because each powder 3 1 is finely vibrated all around when the powder material layer 36 is 
vibrated (correspond to the step in Fig. 3), effects of the weight of the powder 3 1 and collision among granules cause 
an effect in which the powder 31 drops into said spaces and fills that spaces. Thereby, the gaps gradually decrease. 
However, it is not possible to decrease the spaces after the spaces are decreased to a certain extent only by applying 
vibration. 
[0035] 

As shown in Fig. 7 (c), when the pressurizing plate 40 is located over the top surface of the powder material layer 36 
to pressurize (corresponding to the step in Fig. 4), because the effect is caused of filling the space between the 
powder 3 1 with a larger force compared to said vibration, the spaces are further decreased, and thus, a fine powder 
material layer 36 can be obtained. In the state depicted in Fig. 7 (a), the spaces can be decreased to a certain extent 
when the pressurizing plate 40 is located to pressurize without vibrating, but at the part where a block-shaped 
structure composed of a plurality of powder 3 1 surrounds the gap to compose a truss and a dome, it is difficult to 
eliminate the spaces adequately only by pressurizing from one direction, because strong resistance works between 
the powders 31 by abutting. However, in such parts, a robust space structure can be broken because each powder 31 
will be moved separately when it is vibrated. 
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[0036] 

In other words, because both effects in which vibration to move the powder 31 in disarray with a relatively small 
force and pressurization to move the powder 31 unidirectionally are added synergist ically, the spaces existing in the 
powder material layer 36 is efficiently eliminated, and thus the fine powder material layer 36 can be obtained. 
[Eccentric Rotary Body] 

In the embodiments shown in Fig. 8 and Fig. 9, a vibrating mechanism using eccentric rotary body instead or along 

with the ultrasonic vibrator of said embodiment is provided as the vibrating mechanism. 

[0037] 

As shown in Fig. 9, an eccentric board 24 is mounted on the rotating shaft 25 of a motor 23. The eccentric board 24 
has a totally circular shape and the mounting position for the rotating shaft 25 is located off center from the eccentric 
board 24 but in a slightly off-center position. When the motor 23 is operated to revolve the eccentric board 24, the 
weight or inertia force of the eccentric board 24 is applied unevenly to the rotating shaft 25, whereby vibration will 
be caused to the entire device. The cycle and amplitude of vibration are configured by the revolving speed of the 
eccentric board 24 and the eccentricity amount of the eccentric board 24. 
[0038] 

As shown in Fig. 8, if vibrating equipment 22 embedding above the motor 23 and the eccentric board 24 are installed 
at the back of the shaping base 1 2 or the pressurizing plate 40, vibration generated by the vibrating device 22 may be 
transmitted to the powder material layer 36. 
[Pressure Control] 

The embodiment shown in Fig. 10 accurately controls pressure applied to the powder material layer 36. 
[0039] 

The pressurizing plate 40 comprises a pressure sensor 42 on its under surface, which contacts the powder material 
layer 36. The pressure sensor 42 detects pressure applied to the powder material layer 36 when the pressurizing plate 
40 is operated. Pressure information detected by the pressure sensor 42 is transmitted to a computer 44 located 
outside the pressurizing plate 40. The computer 44 can electrically control an operative mechanism such as an 
actuator that raises and lowers the pressurizing plate 40 and an operative mechanism that raises and lowers the 
shaping base 12. 
[0040] 

In the step of pressurizing the powder material layer 36 with the pressurizing plate 40, the pressurizing plate 40 
continues to lower until the pressure detected by the pressure sensor 42 exceeds the prescribed value by lowering the 
pressurizing plate 40. When the detected pressure of the pressure sensor 42 exceeds the prescribed value, the 
operation of the pressurizing plate 40 is stopped to hold the pressurizing plate 40 at that position. By pressurizing the 
powder material layer 36 with the pressurizing plate 40 simultaneously with generating pressure in the rising 
direction to the shaping base 12, the shaping base 12 can be prevented from lowering due to the pressure of the 
pressurizing plate 40. In addition, the powder material layer 36 can be effectively pressurized with the pressure from 
top and bottom. The computer 44 controls operation of the amount or pressurization force of the pressurizing plate 
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40, and the shaping base 12 in an appropriate value based on the detected pressure of the pressure sensor 42. 
[0041] 

In the pressurization step, chronological conditioned control of pressurization force may be applied such that 
relatively small pressure is applied at the first step to eliminate spaces smoothly and relatively large pressure is 
applied after elimination of the spaces progresses to a certain extent to completely eliminate the spaces. When the 
pressure applied to the powder material layer 36 is appropriately controlled as described above, the powder material 
layer 36 can be reliably and efficiently be compacted to become dense. 
[Vacuum Absorption] 

In the embodiment shown in Fig. 1 1 , the powder material layer 36 is pressurized using vacuum force. 
[0042] 

In the shaping frame 10, a vacuum suction port 62 is provided behind the shaping base 12. The vacuum suction port 
62 is connected to a vacuum pump 60 installed outside the shaping frame 10. The air behind the shaping base 12 is 
expelled to become negative pressure by operating the vacuum pump 60. Air can be circulated between the upper 
space and the back space of the shaping base 12, and when the back space becomes negative pressure, the upper 
space of the shaping base 12 also becomes negative pressure. 
[0043] 

A transparent plate 46 made of glass or the like is located at the upper end of the shaping frame 10. When the 
vacuum pump 60 is operated in this state, the interior space of the shaping frame 10 becomes negative pressure. The 
transparent plate 46 is adsorbed to and in close contact with the top surface of the shaping frame 10. The movement 
of this transparent plate 46 gives same effect as that the transparent plate 46 is lowered mechanically to pressurize 
the powder material layer 36. In the inside of the powder material layer 36, the space is filled so that powder comes 
into the space because it becomes negative pressure by suctioning the air into the gap. 
[0044] 

When the powder material layer 36 is irradiated with the laser beam 50 from outside the transparent plate 46 while 
the transparent plate 46 is located on the left, the powder material layer 36 is hardened, whereby the hardened layer 
32 is formed. In this case, because the hardening with the laser beam 50 progresses in a state in which the powder 
material layer 36 continually eliminates the spaces to compact by the operation of said vacuum pump 60, the dense 
hardened layer 32 can be formed. 
[0045] 

Although the spaces may be re-expanded with the restoring force of each powder 31, when the pressurizing plate 40 
is removed, even if the powder material layer 36 is compacted by pressurization with the pressurizing plate 40, if the 
transparent plate 46 is vacuum contacted, re-generation and re-expansion of such spaces may be prevented, and thus, 
the powder material layer 36 is hardened and remains compacted. In addition, when the hardened layer 32 is also 
formed by irradiating the laser beam 50 in the state in which the pressurizing plate 40 made of a transparent material 
is pressing the powder material layer 36 from upward, re-generation and re-expansion of the spaces in the powder 
material layer 36 can be prevented. 
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[0046] 

The powder material layer 36 can also be compacted by pressurization using both means of pressurizing with the 
pressurizing plate 40 and vacuum absorption with the vacuum pump 60 together. 
[Powder of Different Grain Size] 

In the embodiment shown in Fig. 12, powder with a relatively coarse particle size 3 la and powder of a relatively fine 

particle size 31b are used together as the powder material 30. 

[0047] 

As shown in Fig. 12 (a), in the powder material feeding step (see Fig. 2), first, the coarse powder 31a is fed to the 
prescribed thickness and then the fine powder 31b is fed only with the prescribed amount. In this state, the layer with 
a coarse powder 31a and the layer with a fine powder 3 lb are vertically separated. There is a relatively large spaces 
between the coarse materials 31a. 
[0048] 

As shown in Fig. 12 (b), in the vibrating step (see Fig. 3), when the powder material layer 36 is vibrated, the fine 
powder 31b falls between the coarse powders 31a by its own weight, whereby it will fill the spaces in the coarse 
powder 31a. Thereby, the powder material layer 36 is in the state in which the coarse powder 31a and the fine 
powder 3 1 b are mixed as well as both are located densely without spaces. The reminder with a fine powder 31b after 
filling the spaces in the coarse powder 31a composes a layer with the constant thickness on the layer with a coarse 
powder 3 la. 
[0049] 

As shown in Fig. 12 (c), by applying the pressurization step (see Fig. 4) for the powder material layer 36 or without 
that step, the extra fine powder 31b is removed with the regulation member 16. In this state, the fine powder 31b is 
still densely spread on the top surface of the powder material layer 36. The fine powder 3 lb is located on the surface 
as above, and thus the surface of the hardened layer 32 formed can be smooth and dense. 
[0050] 

By applying the pressurization step before or after said height regulation step, it is the same as the above in which 
elimination of spaces or densification of the powder material layer 36 progresses further. A specific condition 
example of the above operation is shown below. Nickel powder having an average particle size of 5 to 10 jim is used 
as the fine powder 31b. Phosphor copper powder having average particle size of 30 um is used as the coarse powder 
3 1 a. The mixing ratio with a coarse powder 3 1 a and the fine powder 3 1 b should be a weight ratio of 1 : 1 . 
[0051] 

The coarse powder 3 1 a is formed in the layer having a thickness of 0.08 mm, and then the fine powder 3 1 b is formed 
in a layer having a thickness of 0.04 mm thereon [Fig. 12 (a)]. The powder material layer 36 having a thickness of 
0.1 mm is obtained through the vibrating step, the height regulation step, and the pressurization step. 
[Mixed Powder] 

In the embodiment shown in Fig. 13, mixed powder of the powder with a relatively coarse particle size 31a and the 
powder with the relatively fine particle size 3 lb is used as the powder material 30. 
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[0052] 

As shown in Fig. 13 (a), in the powder material feeding step (see Fig. 2), a mixed powder 31a and 31b is fed. In the 
powder material layer 36, two kinds of powder 31a and 31b having different particle size coexist almost evenly. 
Because it achieves a state in which powder with a fine particle size 3 lb fits in the spaces produced between adjacent 
powders with a coarse particle size 31a, the spaces are reduced and compacted compared to the case in which only 
powder with a coarse particle size 3 la is used. 
[0053] 

As shown in Fig. 13 (b), in the vibrating step (see Fig. 3), when the powder material layer 36 is vibrated, the fine 
powder 31b falls between the coarse powders 31a by its own weight, whereby it will gather in the lower side. 
Thereby, in the lower side of the powder material layer 36, the coarse powder 3 la and the fine powder 3 lb are filled 
densely without spaces. However, in the upper side of the powder material layer 36, there is no fine powder 31b and 
thus the coarse powders 3 la are located in relatively large spaces. 
[0054] 

As shown in Fig. 13 (c), only the fine powder 3 lb is newly fed on the powder material layer 36. Thereby, the spaces 
between the coarse powders 31a is eliminated by filling it with the fine powder 31b also at the upper side of the 
powder material layer 36. By feeding the fine powder 31b over the upper end with a coarse powder 31a, the top 
surface of the powder material layer 36 can be composed only with the fine powder 31b. The surface of the powder 
material layer 36 which consists of a fine powder 31b will have small surface roughness, and be smooth and 
compacted. This is the form in common with said Fig. 12 (c) in the embodiment of Fig. 12 Subsequent steps are 
conducted same as said embodiments. 
[0055] 

A specific condition example of the above operation is shown below. Nickel powder having average particle size of 
5 to 10 urn is used as the fine powder 31b, and phosphor copper powder having average particle size of 30 urn is 
used as the coarse powder 31a. The mixing ratio with a coarse powder 31a and the fine powder 31b should be a 
weight ratio of 1:1. Mixed powder with a coarse powder 31a and the fine powder 31b is formed in the layer having 
the thickness 0.07 mm [Fig. 13 (a)], and the vibration step is applied [Fig. 13 (b)], and then the fine powder 31b is 
formed in the layer having the thickness 0.03 mm thereon [Fig. 13 (c)]. Finally, the powder material layer 36 having 
the thickness 0.1 mm is obtained. 

[Simultaneous Melting of Powders having Different Melting Points] 

In the embodiment shown in Fig. 14, the fine powder 3 lb and the coarse powder 3 1 a are combined as well as making 

their melting point different. 

[0056] 

Specifically, a material having higher melting point than the material with a coarse powder 31a is used as a material 
with a fine powder 31b. The powder material layer 36 in which two kinds of powder 3 la and 3 lb coexist is formed, 
applying prescribed vibrating step and pressurization step, and then it is irradiated by the laser beam 50. As 
irradiating the laser beam 50, if quality of material of the powder 30 is same, powder of smaller heat capacity is 
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easily heated to raise the temperature, and thus melted more quickly than powder of large heat capacity. 
[0057] 

When the fine powder 31b and the coarse powder 31a of the powder material layer 36 are irradiated by the laser 
beam 50 at the same time, the fine powder 3 lb is heated to raise the temperature faster, and thus the heat to raise the 
temperature with a coarse powder 31a will be delayed. However, because the fine powder 31a has higher melting 
point, the melting will not started until it has high temperature compared to the coarse powder 31b. That is, the 
timing in which the fine powder 31b having faster heat to raise the temperature reaches higher melting point and the 
coarse powder 3 la having faster heat to raise the temperature reaches lower melting point become the same. 
[0058] 

Thereby, the fine powder 31b and the coarse powder 31a are simultaneously melted and integrated, and thus the 
hardened layer 32 in which they are melted integrally is formed. The specific example with a fine powder 31b and 
the coarse powder 31a is shown below. Nickel powder having average particle size of 5 to 10 urn is used as the fine 
powder 3 lb, and phosphor copper powder having average particle size of 30 urn is used as the coarse powder 3 la. 
The mixing ratio with a coarse powder 31a and the fine powder 31b should be a weight ratio of 1:1. When the 
hardened layer 32 is formed by the above steps, the hardened layer 32 in which both materials are melted evenly and 
integrated is obtained. 
[0059] 

Copper or bronze can be used instead of phosphor copper as the coarse powder 31a. Iron can be used instead of 
nickel as the fine powder 31a. In said embodiment, because the two kinds of powder 31a and 31b are melted 
simultaneously as the laser beam 50 is irradiated, energy of the laser beam 50 can be used efficiently, and thus the 
hardened layer 32 in which the two kinds of powder 31a and 31b are melted evenly and alloyed with minimum 
energy can be obtained. Thereby, warpage, deformation, and generation of stress due to the variation in quality of 
material of the hardened layer 32 can be minimized, and thus the dimensional accuracy of the shaped part can be 
improved. 

[Melting Only for One Part Powder] 

The embodiment shown in Fig. 15, unlike said embodiments, two kinds of powders are combined in the condition in 

which the melting point with a fine powder 3 lb is lower than that with a coarse powder 31a. 

[0060] 

It is the same as said embodiment in which the powder material layer 36 coexisting the two kinds of powder 31a and 
31b is formed and is irradiated by the laser beam 50. The laser beam 50 quickly heats to raise the temperature with a 
fine powder 31b having smaller heat capacity and lower melting point. In this step, because the coarse powder 31a 
having larger heat capacity and higher melting point will not be heated to raise the temperature and it has higher 
melting point, it is hardly melted. 
[0061] 

Thereby, a material 32b in which the fine powder 31b is melted fills in the spaces between the coarse powders 31a 
which are still powder state and fused each other, and the totally integrated hardened layer 32 will be formed. The 
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melting material 32b functions as an adhesive or a wax. The coarse powder 31a will increase the joining property to 
the melting material 32b by keeping the original state or by melting and softening of only one part of the surface 
thereof. The hardened layer 32 is not the alloy state in which both materials are melt-mixed but the state in which the 
coarse powder 31a is fused to the melting material 32a. 
[0062] 

In the above embodiment, because energy of the laser beam 50 may only have the capacity to melt fine powder 31b 
that can be melted easily, energy consumption decreases compared to melting the entire powder material layer 36, 
and thus, processing time becomes shorter. In addition, because warpage and deformation due to the heat and heat 
stress are decreased, the dimension accuracy of the hardened material 32 formed is improved. The specific example 
with a fine powder 31b and the coarse powder 31a is shown below. Mixed powder of nickel and iron having average 
particle size of 30 urn is used as the coarse powder 31a. Phosphor copper having average particle size of 5 to 10 um 
is used as the fine powder 31b. The mixing ratio of three kinds of powders should be nickel : iron : phosphor copper 
= 20 : 20 : 60 (weight ratio). When the hardened layer 32 is formed by the above steps, the hardened layer is obtained 
in which the coarse powder 3 la comprising nickel and iron is integrally fused to the melting material 32b comprising 
phosphor copper. 
[0063] 

It also functions similarly when bronze is used as the fine powder 31b instead of phosphor copper. 
[Irradiation Environment of Laser Beam] 

In the embodiment shown in Fig. 16, the atmosphere environment in the step in which the powder material layer 36 

is irradiated by the laser beam 50 to form the hardened layer 32 is controlled. 

[0064] 

The whole equipment such as the shaping frame 10 is preliminarily stored in an environment chamber 70 which can 
control an internal atmosphere, and the atmosphere in the environment chamber 70 is controlled by supplying desired 
atmospheric gas with a pump or the like from the outside the environment chamber 70 to remove internal air. When 
the environment chamber 70 is brought into an inert gas atmosphere of nitrogen gas or the like, it can prevent the 
oxidation when the powder 30 is sintered by irradiating the powder material layer 36 by the laser beam 50. Thereby, 
the strength of the shaped part is more improved than the case of sintering in the air. It also functions similarly when 
a non-oxidizing gas containing another inert gas is used instead of nitrogen gas. 
[0065] 

When the environment chamber 70 is brought into a reducing gas atmosphere of hydrogen gas or the like, oxygen 
content absorbed on the surface of the powder 30 can be resolved. Thereby, the function to prevent oxidation can be 
further improved than the case of using inert gas, and thus the strength of the shaped part formed can be improved. 
The pressure in the environment chamber 70 can be maintained in positive pressure to the outside the environment 
chamber 70. Specifically, it can maintain in higher pressure at around 5 kgf7cm 2 to external atmospheric pressure. 
[0066] 

When the atmospheric pressure in hardening the powder 30 by irradiating the laser beam 50 is high, the boiling point 



Japanese Unexamined Patent Application Publication 2000-336403 

of the powder 30 is raised, and thus, evaporation components such as metal vapor generated in the sintering step can 
be reduced. Thereby, the strength after sintering can be improved. When evaporation components can be reduced, 
pollution of condensing lenses located in irradiation path of the laser beam 50 can be reduced. Although maintaining 
the irradiation environment of the laser beam 50 in positive pressure is also effective for the case in which the 
atmospheric environment is air, in the case in which it is in the non-oxidizing gas atmosphere, atmospheric air of low 
pressure is difficult to be brought into the environment chamber 70, and thus the oxidation of the powder 30 by 
atmospheric air can be securely prevented. 
[Movable Pressurization Equipment] 

In the embodiment shown in Fig. 17, movable pressurization equipment is used instead of said pressurizing plate 40. 
[0067] 

A moving equipment 80 is installed so as to be freely moved in a horizontal direction over the shaping frame 10. In 
the front end side of traveling direction of the moving equipment 80, a pressurization block 48 which can be freely 
raised and lowered is provided. The pressurization block 48 pressurizes the powder material layer 36 by pressurizing 
the powder material layer 36 from above with the flat under surface. The whole surface of the powder material layer 
36 can be pressurized by moving the pressurization block 48 up and down while the pressurization equipment 80 is 
moved horizontally. A piston cylinder mechanism or a motor-driven cam mechanism can be employed as a rising 
and lowering mechanism of the pressurization block 48. 
[0068] 

If the vibrating mechanism is embedded in the moving equipment 80 or the pressurization block 48, vibration may be 
applied to the powder material layer 36 with the pressurization block 48. The regulation plate 16 is provided at the 
rear end side for the traveling direction of the moving equipment 80. The lower end of the regulation plate 16 is 
located at a position lower than the lowest position of the pressurization block 48 and a position same as the upper 
end of the shaping frame 10. The height position of the powder material layer 36 is configured and extra powder 30 
is removed so that the moving equipment 80 is moved horizontally to pressurize the powder material layer 36 with 
the pressurization block 48 and then the regulation plate 16, which passes through the layer. Thereby, the powder 
material layer 36 have the same height as the upper end position of the shaping frame 10 is formed. 
[0069] 

In the above embodiment, by the operation of the moving equipment 80, the pressurization step and subsequent 
height regulation step can be applied continuously, and thus the operation becomes more efficient and the equipment 
can be more simplified. If the moving equipment 80 comprises a feeding mechanism for the powder 30, the feeding 
step, the vibrating step, the pressurization step, and the height regulation step of the powder 30 may be applied as a 
series of operation along with the movement of the moving equipment 80. 
[0070] 

[Effect of the Invention] 

In the production method of shaped parts with three-dimensional form concerning the present invention, by applying 
steps of: (b) applying vibration; and (c) applying pressure to a powder material fed to a shaping region, the powder 
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material layer becomes the state having a few spaces, and then by applying step of (d) irradiating an optical beam, 

the finally obtained shaped part with three-dimensional form also becomes dense. 

[0071] 

In step (d), if the shaping region is a non-oxidizing atmosphere, the oxidation of powder material can be prevented. If 
the shaping region is maintained in positive pressure to the exterior space, it can prevent air from being brought into 
the shaping region to obstruct sintering the powder material. In step (b), if a member composing the shaping region 
can be vibrated, it can locate a vibrating member on the open surface of the shaping region to apply vibration 
generated by a vibrating member to powder material, vibration generated by an ultrasonic vibrator can be applied, 
and vibration generated by an eccentric rotary body can be applied to powder material, vibration can be applied 
efficiently. 
[0072] 

In step (c), if a pressurizing member is located on the open surface in the shaping region, whereby the pressurizing 
member can press powder material to apply pressure thereon, pressure can be applied efficiently. If step (c) can 
include steps: (c-1) applying pressure by moving pressurizing member; and (c-2) regulating the height position of 
powder material with a height regulating member, efficient pressurization and height regulation can be applied to the 
powder material layer. 
[0073] 

In step (c), if the pressure can be regulated based on detective information of a pressure sensor, it can pressurize 
efficiently with appropriate pressure. In step (a), if powder material with a plurality of types of different particle size 
can be fed, variations can be provided to characteristics of the obtained shaped part. If one type of the plurality of 
powder materials can be a relatively fine powder material of average particle size of 5 to 10 u,m, and another type is a 
relatively coarse powder material of average particle size of 20 to 40 urn, both characteristics can be combined to 
bring them out. 
[0074] 

In step (a), if it can include steps: (a-1) feeding the powder material of relatively coarse particle size; and (a-2) 
feeding the powder material of relatively fine particle size after step (a-1), both characteristics can be combined well. 
In step (a), if it can include steps: (a-3) feeding mixed powder of the powder material of relatively coarse particle 
size and the powder material of relatively fine particle size; and (a-4) feeding the powder material of relatively fine 
particle size after step (a-3), the surface of the powder material layer can be compacted and smoothed. 
[0075] 

In step (a), if the plurality of powder material types having different particle size and quality of material can be fed, 
and particularly, one type of the plurality of powder materials can be a powder material of relatively coarse particle 
size comprising any one or more materials selected from the group of copper, bronze, and phosphor copper, and 
another type can be a powder material of relatively fine particle size comprising any one or more materials selected 
from the group of iron and nickel, effects of combination of characteristics due to the difference of particle size and 
quality of material can be brought out. 
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[0076] 

If one type of the plurality of powder materials can have a relatively fine particle size and low melting point, and 
another type can have a relatively coarse particle size and high melting point, the fine powder material that is melted 
and has lower melting point fills the spaces between the coarse powders that are not melted and has a higher melting 
point, and thus a fused and integrated shaped part can be obtained. 
[Brief Description of the Drawings] 

Fig. 1 is a typical process drawing showing the first step among production steps that are embodiments of the present 
invention. 

Fig. 2 is a schematic process drawing of a powder-feeding step. 

Fig. 3 is a schematic process drawing of a vibrating step. 

Fig. 4 is a schematic process drawing of a pressurization step. 

Fig. 5 is a schematic process drawing of a height regulation step. 

Fig. 6 is a schematic process drawing of a laser irradiation step. 

Fig. 7 is a schematic diagram showing a form change of a powder material layer. 

Fig. 8 is a cross-sectional view showing another embodiment. 

Fig. 9 is a front view (a) and a side view (b) showing structure of an eccentric rotary body. 

Fig. 10 is a cross-sectional view showing another embodiment. 

Fig. 1 1 is a cross-sectional view showing another embodiment. 

Fig. 12 is a schematic cross-sectional view showing an embodiment stepwise. 

Fig. 13 is a schematic cross-sectional view showing an embodiment stepwise. 

Fig. 14 is a schematic cross-sectional view showing an embodiment stepwise. 

Fig. 15 is a schematic cross-sectional view showing an embodiment stepwise. 

Fig. 16 is a cross-sectional view showing another embodiment. 

Fig. 17 is a cross-sectional view showing another embodiment. 

[Explanation of Symbols] 

10 Shaping frame 

12 Shaping base 

14 Support plate 

16 Regulation plate 

20 Vibrating part 

22 Vibrating device 

30 Powder material 

31, 31a, 31b Powder 

32 Hardened layer 

34 Unhardened powder 

36 Powder material layer 
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40 Pressurizing plate 
42 Pressure sensor 
46 Transparent plate 
50 Laser beam 
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